The authors report the observation of a patient with a Spetzler-Martin grade 3, symptomatic, sulcal cerebral arteriovenous malformation (cAVM) of the left precuneus that after partial, uncomplicated, endovascular embolisation disappeared at 4, 6 and 12 months follow-up. Discussion focuses on the angioarchitectural remodelling of the cAVM over time according to the latest concepts on AVM development and evolution.
Introduction
The natural history of cerebral arteriovenous malformations (cAVMs) is scarcely known and one of the less-well-understood aspects is their potential for spontaneous regression. Regression of cAVMs either spontaneous or following bleeding, partial surgery, trauma and oral contraceptive assumption is a well known occurrence and not as rare (2-3 %) as believed in the past 1. The goal of the following case report was to document a case of cAVM disappearance after partial, uncomplicated endovascular treatment focusing on its angioarchitectural remodelling over time.
Case Report
A 48-year-old man was admitted to hospital for a secondarily generalized seizure. His family and medical history were unremarkable. On admission, the patient was in a postictal coma and neurological examination did not reveal any focal neurological deficits. The patient underwent a contrast-enhanced cerebral computed tomography (CT) examination that showed a subcortical area of low attenuation in the left post-central lobe. Pinpoint and serpiginous structures with a vascular pattern of enhancement were detected in the posterior aspect of the interhemispheric fissure and the precuneus. Subsequently, a magnetic resonance (MR) examination of the brain, performed on a superconducting 0.5 T system, showed a sulcal arteriovenous malformation (AVM) in the left precuneus (figure 1) associated with a digitating area of low signal intensity on T1-weighted spin-echo (SE) and high signal intensity on SE proton-density and T2-weighted images involving the surrounding white matter and consistent with vasogenic edema (figure 1). Neither mass effect nor acute / chronic bleeding was noted. An EEG examination yielded electrical abnormalities in the left frontoparietal region figure 2A ). The AVM was classified as a grade 3 according to Spetzler-Martin grading system. Endovascular treatment of the cAVM was decided on the basis of the patient's age, the correspondence between EEG abnormalities and AVM location and the MRI features suggesting perilesional vasogenic edema possibly related to venous congestion. Furthermore, after being informed on the prosand-cons of the various therapeutical strategies the patient and his family chose to be treated by intravascular embolisation as soon as possible. Two consecutive intranidal injections of 0.4 and 0.2 cc of a 28% mixture of a polymerizing agent (Histoacryl, Braun) and Lipiodol UP. (Guerbet Farmades Spa) were delivered by a intranidally wedged (figure 2B) microcathether (Magic 1.2, BaIt). During the second injection a slight reflux of glue was observed along the distal tract of the pericallosal artery and the procedure was stopped. The final angiographic runs showed devascularization of a limited portion of the nidus (20%) and disappearance of the most posterior superficial draining vein (figure 2e). The post-embolisation eT examination demonstrated the glue cast in the nidus in the absence of ischaemic or haemorrhagic complications ( figure 3 ). The clinical course was uneventful and the patient was discharged with a second session of embolisation scheduled within 5-6 months. Four months later a follow-up cerebral MR examination showed a substantial shrinkage of the AVM nidus with persistence of surrounding white matter signal abnormalities (figure 4). A control cerebral angiography was repeated six months later and revealed complete disappearance of the arteriovenous shunt (figure 5). Even with careful evaluation of the capillary phase, no early draining vein was visible. The pericallosal artery was still hypertrophic with an irregular lumen and extremely slow flow ("stagnating artery") in its distal tract. In the late capillary 
Discussion
The most striking feature in our patient is the progressive remodelling of the AVM following a partial, uncomplicated procedure of intravascular embolisation and leading to complete obliteration of the nidus. Several factors are reported by which a spontaneous disappearance of an AVM can occur 2-4, Intracerebral or subarachnoid haemorrhage seem to be the most significant The direct mass effect of the haematoma, accompanying brain edema and vasospasm may reduce the AVM blood flow resulting in thrombosis 5. Atherosclerosis has been also considered another possible factor triggering AVM occlusion 6,7 . Although the precise mechanism is uncertain, the tortuosity and S. Mangiafico altered haemodynamic properties of feeding arteries may contribute to the formation of intranidal thrombi because of stasis, eddy currents and turbulent flow. However, none of these factors were present in our patient although it may be supposed that partial embolisation of the nidus may have triggered haemodynamic changes resulting in complete occlusion of the arteriovenous shunt. Furthermore, it is suggested that the architecture of the draining veins may play a major role in spontaneous AVMs regression 2. In particular, the presence of a venous outlet obstruction heralded by a post-stenotic dilatation of the draining veins may predispose to thrombosis; retrograde propagation of the thrombus may then lead to the spontaneous occlusion of the entire AVM. Although features suggestive of a venous outlet obstruction were absent in our case, detection of vasogenic edema surrounding the AVM nidus on MRI could represent a sign of venous congestion like that occurring in dural sinus thrombosis or arteriovenous fistulas. Its shrinkage at follow-up, after resolution of the arteriovenous shunt, is consistent with this hypothesis. In our case, the marked flow reduction and decrease of the lumen calibre observed in the superficial vein draining the embolised nidal compartment may also have led to a modification in the flow rate (stress factor, pressure or other factors) at the level of the arteriovenous shunt with stagnation of blood in the residual nidus and its complete retrograde thrombosis. This seems to be supported by remodelling of the pericallosal artery showing an extremely slow flow at follow-up. This phenomenon, dubbed "stagnating artery", is frequently encountered in spontaneously regressing AVMs as well as in post-surgical series. AVMs may represent various types of endothelial cell failure to remodel the vessel wall at level of the capillarovenous junction by means of apoptotic mechanisms 8. In particular, the chronic high flow (or pressure or other unknown factors) caused by an arteriovenous shunt may constitute a "stress trigger" on a normally reacting vascular bed leading to the development of a full blown AVM. According to this hypothesis, the eradication of such triggering factors could determine occlusion of the AVM by totally or partially excluding the arteriovenous shunt from the angiopathic vascular bed. This may have occurred in our case as a result of the par- tial embolisation. Other features that possibly favored spontaneous occlusion of the AVM in our case were its size, the absence of multiple arterial feeders and the superficial location, regression being most probable in small AVMs fed by a single vessel 7. Superficially located AVMs also have a greater tendency toward regression than the deep-seated AVMs 7. In our case, the AVM was of the sulcal type. Contrary to gyral AVMs whose arterial supply is characterized by transit feeding arteries, sulcal AVMs are characterized by terminal, high flow feeding arteries. This was also true in our patient whose cerebral AVM was mainly fed by terminal branches originating from hypertrophic pericallosal and middle cerebral arteries.
Conclusions'
Our report outlines the importance of treatment-induced remodelling events in cAVMs whose spectacular morphological response to various changes may reflect the secondary effect on the arterial and venous compartments of the arteriovenous shunt. Interventional neuroradiologists should focus their attention on the venous side of the AVM not only for purposes of attempting to define its natural history but also for potential strategies of treatment. 
